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CONVERSION FACTORS AND ABBREVIATIONS
For readers who prefer to use inch-pound units rather than International System (SI) units, conversion factors are given for terms used herein. 
Multiply SI unit
millimeter
INTRODUCTION
Before 1978, water-quality studies throughout the United States indicated that storm runoff and discharges from nonpoint sources were major pathways through which pollutants are carried to streams and lakes (Lager and Smith, 1974; Wollschleger and others, 1976; Heaney and others, 1977) . Although many point sources of pollution have been eliminated under the provision of Public Law 92-500 and the Clean Water Act Amendments (Public Law 95-217), contamination from nonpoint sources continues and is a major concern in many areas.
In 1978, the U.S. Geological Survey and the U.S. Environmental Protection Agency (USEPA) agreed to study nonpoint-source contamination in storm runoff in urbanized locations throughout the United States. In 1979, Monroe County and the 
Purpose and Scope
The purpose of the U.S. Geological Survey study was to measure streamflow and collect precipitation and storm-runoff samples throughout the Irondequoit Creek basin for chemical analysis and to relate chemical constituents of storm runoff from areas of specific land uses to the chemical quality of Irondequoit Creek and its tributaries. The study also sought to calculate total annual loads of selected constituents transported to Irondequoit Bay and to evaluate the Irondequoit wetlands as a possible settling area for removal of sediment and nutrients from the water of Irondequoit Creek. These aspects are described in a companion report (Kappel, Yager, and Zarriello, in press ).
This report describes the data-acquisition network, the methods of sample collection, and the quality-assurance program used to verify data collected in the overall study. It presents tables of (1) monthly precipitation and evaporation values, (2) chemical composition of wetfall, dryfall, and bulk precipitation, and (3) results of the quality-assurance program. The unit values of flow and precipitation recorded at 5-or 15-minute intervals and the results of the water-quality analyses are too voluminous for inclusion but are available from the U.S. Geological Survey's WATSTORE1 Computer System and are on file in the U.S. Geological Survey office in Ithaca, N.Y. Some printouts of the waterquality, precipitation, and runoff data are included to show the general content and format. Results of the U.S. Geological Survey's analysis of the data are described in the companion report.
DATA-COLLECTION NETWORK
The Irondequoit Creek basin encompasses 438 km2 in north-central New York ( fig. 1 ). The major land uses in the basin are rural-agricultural in the southern and eastern parts, extensive urbanization in the central and western parts, which include the towns of Pittsford, East Rochester, and Fairport, and moderate urbanization in the northern part surrounding Irondequoit Bay. The New York State Barge Canal traverses the basin, and three small subbasins together draining 21.9 km2 flow directly to the canal system ( fig. 1 ).
The Irondequoit Creek basin was divided into six subbasins on the basis of stream configuration and land use ( fig. 2) . A gaging station was established at the mouth of each subbasin, and thtee additional sites representing discrete land uses were also established. Eight additional sites within the basin were established for less frequent data collection. This 17-station data-collection network was designed to document the discharge and chemical quality of flows leaving each land-use area as well as each subbasin. The three sites representing discrete land uses (Cranston Road, Southgate Road, and East Rochester) and two subbasins (Thornell Road and Thomas Creek) were designated as NURP monitoring basins. Within these basins, intensive land-use information and waterquality and precipitation data ( fig. 1 ) Were collected.
The water-quality data were used to estimate total annual loads of eight constituents to Irondequoit Bay and can be used to calibrate runoff-quality models of the three land-use sites, which in turn can be used to model the entire Irondequoit basin. The physical characteristics of the 17 sites are summarized in table 1; the station locations within the Irondequoit basin are shown in figure 2.
METHODS OF DATA COLLECTION 3tr«amflow
Seven streamflow-gaging sites used graph and punched tape-stage recorders to collect the water-stage data needed to compute continuous records of discharge. The gaging stations on Alien Creek and Irondequoit Creek at Linden Avenue ( fig. 1 ) used punched-tape recorders only. The downstream wetland site (Wetland Narrows, fig. 2 ) used a combination of a Marsh-McBirney Model 201 1 velocity probe and U.S. Geological Survey velocity-stage interface for discharge computations. The East Rochester site used a Marsh-McJBirney Model 250 velocitymodified recording flowmeter to record stormflows in the 1.37-m storm sewer.
Streamflow measurements were made at selected stages to verify computergenerated ratings (discharge versus water stage) for' culvert sites and to develop ratings for nonculvert sites. Measurements made at the East Rochester storm sewer were verified by streamflow-measurement techniques for flows less than 0.140 m3 /s and by dye-dilution techniques (Rantz and others, 1982) for higher flows.
1 Use of brand names in this report is for identification purposes only and does not constitute endorsement by the U.S. Geological Survey. 
Stream Quality
Water samples were collected at the five NURP sites and the four other subbasin sites (table 1) by Manning or Isco automatic water samplers. The samplers were activated as the stream reached a predetermined stage or when a flowmeter indicated that a specified volume of water had flowed past the gaging station. At the partial-record sites, discrete samples were obtained with hand-held samplers, and discharge was computed from instantaneous stage observations and stage-discharge relationships developed for the site. The types of equipment and their method of operation are described in table 2.
Sampling Techniques
The Monroe County Environmental Health Laboratory and the U.S. Geological Survey used .local and regional weather forecasts and the National Weather Service radar from Buffalo, N.Y., 110 km to the west, to locate and track storms approaching the Rochester area. When a storm system showed potential for causing significant runoff, each NURP site was monitored by the Environmental Health Laboratory to ensure correct operation of equipment and to facilitate sample handling. During major storms, the Geological Survey and Environmental Health Laboratory collected additional samples for quality control and made discharge measurements for rating-curve verification.
The water sampler at each station was set to begin sampling at a predetermined stage, when the flow would be passing the monitoring site at a given rate. Each sampler was set to begin sampling at its fastest rate during the initial (rising) phase of each storm and was manually adjusted as the storm progressed. The small land-use sites were sampled according to specified flow volumes or at 3.7-minute intervals; flows from the larger basins were sampled at 5-or 15-minute intervals. These intervals were adjusted by the Environmental Health Laboratory according to the rainfall and flow characteristics and the weather forecast. The mode of operation for each site is described in table 2.
The storms were classified into four types according to precipitation intensity, total amount of rainfall, and the number of antecedent dry days. As a storm progressed, the interval of sampling was adjusted manually according to the type of storm. The storm-type classification and corresponding samplecollection schedule is summarized in table 3.
Sample Preparation
All water samples were taken to the Monroe County Environmental Health Laboratory, where they were logged in and composited according to storm type and total number of samples collected. The actual compositing of samples was done by the field technician who collected them.
After the samples were composited, they were split into 10 aliquots by-a cone splitter (U.S. Geological Survey, written commun., 1980). Separate aliquots were immediately measured for pH and conductivity, and others were analyzed for fecal coliform, biological or chemical oxygen demand, and organic carbon concentrations. The remaining aliquots during the first 5 months of the study (July through November 1980) were preserved and shipped to the U.S. Geological Survey water-auality laboratory in Atlanta, Ga. for analysis; after November 1980, they were analyzed by the Monroe County Environmental Health Laboratory.
All suspended-sediment concentrations were measured and particle-size analyses done by the U.S. Geological Survey sediment laboratory in Columbus, Ohio. Resulting data from all laboratories were sent to the U.S. Geological Survey office in Ithaca, N.Y., and entered in the WATSTORE data-storage system. 
Precipitation and Evaporation
Precipitation was recorded at 5-minute intervals, to the nearest 0.25 mm, at the five NURP sites. Daily records of precipitation were also collected at 12 other locations throughout the basin by volunteer observers. Site locations are shown in fig. 1 ; the type of data collected at each site are summarized in table 4. During the 1980-81 winter, snowfall depths and water equivalents for major winter storms were reported at nine of the 12 sites. At the Mendon Ponds site, in the southwestern part of the basin (site R4, fig. 2 ), precipitation was recorded continuously from a weighing-bucket rain gage, and evaporation was measured daily from a class-A evaporation pan.
Wet fall and Dry fall Sampling
Atmospheric-deposition data collection occurred at four sites within the Irondequoit basin ( fig. 2 ). Aerochemetries Model 301 wetfall/dustfall samplers were used at three sites Mendon Ponds Park (R4), East Rochester Middle School (Rll)* and Perinton Square Mall (R8). A bulk-deposition container was used at the fourth site, R9 near Pittsford (fig. 2) ; data collection was done from March through November of each year at this site. All dustfall and bulk-collection containers were removed on the first Tuesday of each month and their contents analyzed; wetfall containers were removed after selected storms totaling at least 12.5 mm. Field collection and sample analysis were done by Monroe County Environmental Health Laboratory in accordance with procedures outlined by U.S. Geological Survey. 
COMPUTATIONS OF MEAN CONCENTRATION AND LOAD
Data collection in the Irondequoit basin focused primarily on storm runoff and associated stream-water quality, but t;he sampling was comprehensive enough to enable calculation of annual sediment and chemical loads to Irondequoit Bay. Annual loads of eight constituents were estimated from concentration and flow data obtained at eight gaging sites in the Irondequoit Creek basin upstream from Blossom Road ( fig. 2 ) from August 5, 1980 through August 13, 1981.
The most intensively sampled period during this study was the growing season, which in this region extends from May through October. Frequent sampling was also done during the snowmelt period of 1981 (February) because it was assumed that runoff loads during snowmelt would contribute a major part of the total annual load. During the remainder of the study (winter and spring), samples were collected less frequently but at least monthly.
This period included both base-flow conditions and storms. An example of the seasonal sampling frequency in relation to storm discharges is shown in the stream hydrograph in figure 3 .
Runoff loads of the winter and spring periods were calculated from the flow-weighted mean concentration of each constituent recorded during each seasonal period, multiplied by the calculated volume of streamflow during that period. Loads produced by storms during the growing season and snowmelt period were computed separately from the rest. Because sampling typically did not extend through the entire duration of the storm, the flow-weighted mean concentration of each constituent was computed for storms in which samples were obtained during at least 60 percent of the event, and at least five samples were analyzed. This flow-weighted mean concentration was then applied to the total runoff recorded for the storm to obtain the load. The total load produced during the study was estimated by summing the contributions from base-flow periods and storms. The runoff loads calculated for eight stations are given in table 9 (at end of report); these are the five NURP sites and the three major downstream subbasins Alien Creek, Linden Avenue, and Blossom Road ( fig. 2 ). In this table the runoff volume measured during each of the five sampling periods (1980 growing season, 1980-81 winter, 1981 snowmelt, 1981 spring, and 1981 growing season) is given with the flow-weighted mean concentration and load computed for each of eight sampled constituents.
Annual loads of several constituents that were not sampled during the winter period were estimated from the loads calculated for the nonwinter period. The nonwinter daily yield of each constituent was calculated by dividing the load calculated for the nonwinter period by the drainage area upstream of the station and the number of days in the sampling period. Table 9 includes the loads calculated for the nonwinter period and the daily yield of each constituent at all sites except East Rochester; this site is omitted because difficulties in measuring storm-sewer discharges restricted the data base to 1981 storms. Equipment malfunction in 1980 and a variable septic base flow, which could not be accurately measured, precluded the calculation of nonstorm loads and yields.
Daily yields at Blossom Road, the station furthest downstream before the Irondequoit wetlands and bay, were estimated for the 1980 growing season and the first 45 days of the 1980-81 winter, when discharge records were not available. The daily yield of the 1980 growing season was assumed to be equal to that of the 1981 growing season, and daily yield during the first 45 days of the 1980-81 winter were assumed to be equal to that calculated for the remainder of the winter. These estimated daily yields were then used in calculating total annual loads.
QUALITY-ASSURANCE PROGRAM
An integral part of the data-collection effort was the quality-assurance/ quality-control program. The program was divided into three parts streamdischarge verification, automatic sampler efficiency, and laboratory analytical accuracy, and precision.
Verification of Stream Discharge
Discharge measurements were made and ratings developed in accordance with standard techniques (Carter and Davidian, 1968; Buchannan and Somers, 1965) at bridge or open-channel sites, and computer-generated stage-discharge relations were developed for culvert sites (Bodhaine, 1968) . Current-meter measurements were made throughout the study to develop and verify discharge-rating curves for each site. In the 1,35-m storm sewer in East Rochester (site 5, fig. 1 ), tracer-dilution techniques (Rantz and others, 1982) were used to verify storm discharges calculated from data recorded by a velocity-modified flowmeter. The results of this technique indicated that the data recorded by the flowmeter were within 10 percent of the flow determined by the tracer-dilution technique for two storms.
Accuracy of Automatic Water Sampler
The second part of the program was to determine whether the automatic water samplers were collecting samples that were representative of water passing the monitoring site. Periodically at each site throughout the study, depthintegrated cross-sectional water samples were collected concurrently with samples collected by the automatic water sampler and were analyzed for total phosphorus, total kjeldahl nitrogen, suspended sediment, and chloride. Results from the cross-sectional water samples were then compared to those obtained from the automatic sampler. In September 1980, these data were plotted to detect systematic bias in sample collection; results indicated that the automatic samplers were collecting higher suspended-sediment concentrations than the cross-sectional samples. To reduce this bias, the intake shields on the automatic point samplers were modified by removing the bottom third of each shield. The sampler correlations thereafter displayed less variance than before, as indicated by the plots for the four constituents before and after intake modification ( fig. 4 ). Later in the data-collection program, samples collected at two larger subbasins (Thornell Road and Thomas Creek, fig. 1 ) were statistically analyzed through Spearman's rank correlation (Conover, 1971) . This nonparametric analysis was used to determine whether differences in the two sampling methods were significant (cross-sectional versus automatic sampler). This analysis was chosen over others because it is used for non-normally distributed data and ranks matched pairs of data points to compute a correlation coefficient. Results of the Spearman test (table 5) indicate that constituent concentrations (except phosphorus) collected at these sites by two sampling methods were not significantly different 95 percent of the time (1-u). Phosphorus was not significantly different 90 percent of the time. Conover (1971) Rejection of null hypothesis at the a level shown above (at least 0.10) indicates that the two sampling methods were not statistically different and that mixing is therefore complete, rs * Spearman rank coefficient of correlation (computed) that is compared to the given value at the 0.05 significance level, r = Spearman coefficient of correlation at the indicated "a" value.
Analytical Precision of Water-Quality Analyses
The third aspect of the quality-control program concerned the analysis of water-quality samples. Both the U.S. Geological Survey Central Laboratory in Atlanta, Ga., and the Monroe County Environmental Health Laboratory in Rochester, N.Y., followed analytical procedures of Skougstad and others (1979) Quality-control procedures for laboratory determinations are described in Friedman and-Erdmann (1983) .
Results of the U.S. Geological Survey quality-control program during the time the Atlanta laboratory was used indicated acceptable results for the nutrient and metals samples. The quality-control reports for that laboratory during July through November 1980 are on file with the U.S. Geological Survey Quality of Water Branch in Reston, Va. These reports cover quality-assurance samples submitted as blinds through field offices by the quality-control coordinator for the Central Laboratory system. The results of quality-control samples used in the laboratory analysis sections and those submitted by laboratory management daily are on file at the Central Laboratory. The results indicate that the analytical procedures used in the laboratory provided sufficiently accurate and precise results for all constituents analyzed.
From November 1980 to the end of the study, the Monroe County Environmental Health Laboratory was responsible for all chemical analyses. Results of their quality-control program for nutrient and metal analyses produced results similar to those of the Geological Survey Laboratory in Atlanta. The quality assurance/quality control workplan for the County Environmental Health Laboratory included analysis of laboratory-prepared standard solutions, duplicates, and spiked samples. Results of these analyses for the major constituents analyzed during December 1980 through March 1982 are presented in table 10 (at end of report).
As part of the U.S. Geological Survey quality-assurance program for cooperating laboratories, the Monroe County Environmental Health Laboratory also participated in a standard reference water-sample analysis program; results are given in table 6. The precipitation, streamflow, and water-quality data from the Irondequoit Creek basin are stored in separate but compatible data files in the Geological Survey's WATSTORE computer system and are also available as paper copy from the Survey office in Ithaca, N.Y. Examples of the format in which these data appear are given in figures 5-10 to show the arrangement and content. The data from this study can be used to construct rainfall/runoff hydrographs fo* individual subbasins and storms. The water-quality data for specific sites and storms can also be used to develop similar graphs of constituent inputs (precipitation) and outflows (runoff) during specific storms.
Streamflow Data
Daily-value streamflow data for the three land-use sites (Cranston Road, Southgate Road, and East Rochester) and the five subbasins (Thornell Road, Thomas Creek, Linden Avenue, Alien Creek, and Blossom Road) ( fig. 2) are published by the U.S. Geological Survey (1982, 1981 ). An example of water year 1981 daily streamflow values at Irondequoit Creek near Pittsford (Thornell Road station) is shown in figure 5 .
Unit values of streamflow, recorded at 5-or 15-minute intervals, are available for the three land-use sites and five subbasins mentioned above. An example of unit-value file streamflow data from the Thornell Road station is displayed in figure 6 . Unit-value data for these stations are stored in the WATSTORE computer system under the 8-or 15-digit number. PERIOD OP RECORD. Occasional low-flow measurements, water years 1955. 1961-62, 1964-66, 1968, and annual maximum, water years 1962-63, 1965-66, 1968-70, 1972 . 
Water-Quality Data
Water-quality data are available for the three land-use sites (Cranston Road, Southgate Road, and East Rochester) and the Thornell Road, Thomas Creek, Linden Avenue, Alien Creek, and Blossom Road subbasins ( fig. 2 ) Additional data are available for the Wetland Narrows subbasin and the eight partial-record stations listed in table 1.
The water-quality-data file for each of the nine continuous-record subbasins or sites is divided into four sections, examples of which are shown in figures 7 A through 7D. In these examples, the first column lists the date the sample was collected; the second, third, and fourth columns list ttie time during which the sample was collected and composited; the fifth column lists the laboratory that analyzed the sample (80010 is the Geological Survey's Atlanta laboratory; 83611 is the Monroe County Environmental Health Laboratory), and the remaining columns list the constituent names and concentrations.
The first section ( fig. 7A) , denoted by an 8-digit station number or a 15-digit station number ending in 00, signifies water-quality samples taken by the station's automatic sampler. These data were used in all water-quality modeling aspects of the study.
The second section of each station's water-quality data ( fig. 7B ) pertains to samples collected within the stream-channel cross section. This section is denoted by the 15-digit station number ending in 01. These samples were matched with samples collected by the automatic sampler during the same time interval to determine whether the automatic sampler was collecting data representative of the entire stream cross section. AS N) The third section ( fig. 7C) , denoted by the 15-digit station number ending in 02, pertains to samples that were used in the quality-control program. Duplicate samples were generally sent to both laboratories for comparative analyses or were sent to the same laboratory as two samples collected at different times. The data reported in this section are paired with analytical results from the first section of each station's data listing.
UNITED STATES DEPARTMENT OF INTERIOR -GEOLOGICAL
The fourth section of water-quality data ( fig. 7D) , denoted by the 15-digit station number ending in 03, represents discrete or "grab" samples collected by Monroe County Environmental Health Laboratory. Before this study began, the county was using this method to collect water samples at many sites within the basin. Early in the study, data obtained by this method of collection were compared to automatic sampler (00) data and cross-sectional (01) data to determine how representative the grab-sample data were. Even though the samples could be considered only as individual points on storm or annual hydrographs, the data were useful in plotting seasonal and annual trends for most chemical and physical water-quality constituents. 
UNITED STATES DEPARTMENT OF INTERIOR -GEOLOGICAL SURVEY 430315077292802 -IRONDEQUOIT CREEK AT THORNELL ROAD NEAR PITTSFORD

Figure 7D. Example of fourth section of water-quality data file representing discrete "grab" samples. (Printout from WATSTORE.)
Precipitation and Evaporation Data
Quantity
Monthly total precipitation and evaporation data are given in table 7. Daily values for both continuous-record and partial-record precipitation and evaporation sites are available for all precipitation sites indicated in figure  2 and in table 4. An example of the 1981 daily-values for the Thornell Road station is shown in figure 8 . These data are available on a disk file at the Geological Survey office in Ithaca, N.Y., and from the WATSTORE computer system under the 8-or 15-digit station number.
Unit values of precipitation recorded at 5-minute intervals at the Thornell Road, Cranston Road, Thomas Creek, and Southgate Road sites ( fig. 2 ) are available. An example of unit-value precipitation data from the Thornell Road station is displayed in figure 9 . These data are stored in the WATSTORE computer system under the 8-or 15-digit station number (table 1) . .0? Figure 9 . printout from WATSTORE.
Quality
Three wetfall/dustfall atmospheric-quality collection systems (Perinton Square Mall, East Rochester Middle School, and Mendon Ponds Park) and one bulk atmospheric-quality collector (bulk collector near Pittsford) were used to determine atmospheric quality. The seasonal concentration and yield data for these four sites are presented in table 8.
The data are presented in a format similar to that of the water-quality tables ( figs. 7A-7D) ; the data are categorized as wetfall, dustfall, and bulk. The 15-digit number ending in 10 represents wetfall, 11 represents dustfall, and 12 represents bulk deposition. An example of a printout from the dustfall section is given in figure 10 . 
-PERINTON SQUARE WALL NEAR FAIRPORT
SUMMARY
A 14-month data-collection program of streamflow, precipitation, and dustfall quantity and quality was conducted in the Irondequoit Creek basin from July 1980 through August 1981. Stream-discharge and water-quality data were collected at 17 sites representing rural to highly urbanized land uses. Precipitation data were collected at 16 sites, evaporation data at one site, and chemical quality of precipitation and dustfall at four sites.
These data were analyzed and compiled in accordance with strict qualityassurance and quality-control procedures and were rechecked for accuracy after being stored in the Survey's WATSTORE computer system. Initial computations of mean concentration and loads were made to determine the consistency and accuracy of the combined chemical concentration and load data for streams as well as the wetfall and dustfall (atmospheric) data.
These data are available from the Survey's WATSTORE system and can be used to determine chemical constituent contributions of urban and rural areas to local streams and by other municipalities to compare results of similar land-use studies, u> o .007
!_/ Sampling periods for which no data were recorded for a particular constituent were excluded in the calculation of estimated yield for that constituent. \J Sampling periods for which no data were recorded for a particular constituent were excluded in the calculation of estimated yield for that constituent. Sampling periods for which no data were recorded for a particular constituent were excluded in the calculation of estimated yield for that constituent. Sampling periods for which no data were recorded for a particular constituent were excluded in the calculation of estimated yield for that constituent. \_l Sampling periods for which no data were recorded for a particular constituent were excluded in the calculation of estimated yield for that constituent. \J Sampling periods for which no data were recorded for a particular constituent were excluded in the calculation of estimated yield for that constituent. 
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